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T b ' 



-a, 

-a, 
'1 



, 
la, 






a, 



I- 
-a, 

2 



- b, - c, 

- b, - c, 
22 

i.b, - c, 

fc ' 

1 b, - c, 

'1 b, - c, 

1-1 ' 

- b, - - c, 
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1 
I 

1 



a , 



1 b ~ c 

u, v, 

oc oc 

Ib, -c, 
1 

I b, - c, 

2 oc 



(a,b,c 



06 




1 9 



6a,3b, 2c 



234 



ni 



221 



211 



212 



122 



643 



643 



"100 



110 



210 



28 







ed 



321 



321 Sx>gpo a - 



D0on 



2a 5 3b, 6c 



- 100 



3 (100) 

( 10 ) ^^^- ^ 
^00^)0), TOO (S^g^oogpo), 010 
, 001 -oos>o), OOl (Soft 



(111) 




?e 321 ox>@ 


1 


1 1 








^ 


"""" 9 """* 








3 


2 1 












2 


3 


6 




g.3=.fc S&D&>o<i 


6* 


6' 


6 




f**-" 



CVJ 



, 01 < 





(hkl) 



h > k > I rr 

^06 








(100) 



2. 



to 



DooS" 



(110) 





3. 

3r>o^t5or? &Q 3s>srao K tfr^oo - SooS" Orp (210), (310), 
..... (hko) 

4. 

- DogS'OS^o (111) 

5. , 

.D&^S <3rtfo<~ G ^odoS ^xo^oo o C^^oo - 3og5"3Qo (221), 
(331), (332), ...... (hhl) 

6. "Soc^) 

^&^.5 CSrc5oS* ^oddS ^o^reo rte dr-^co - So^S" O^QO (211), 
(311), (322), .... (hll) 

7. 30J-&D jt5g ^|)ci5^^ 

(321), ...... (hkl) 





Sc&iko (Law of rational indices) 




(small rational multiples) TV 







, 2b, 1/2c; 1a, 2b, ac 



e)coo ^ot^coo. ^g^dr^on Doo5 -Do^ 5 0,1 








(limiting forms), e&d JiP^Poo (variable forms) 

DooS" 

(100) 

(hko) (^j-5=SS OS^eo (210), (310), (320) 
(100) &PPT) ^^O^J-^o eS), (hko) 

*-* _ 

330033 b<&6do dr^o^ (100), (110), (111) Cb-fpex, eS^fir'&ea, (hko), 
(hhl), (hll), (hkl) 
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(Classification of Crystals) 
















1. 






2. 

cy tfon SbS St5g SgtfcsoSo od5 
















c 

J~~ 

3 S* 
23 










O (symmetry classes)?? 3 

6o<5, . <^ eo^a^QS ar^orr ^QSoSoS (353^ 








32 

32 



















75)^5 


























(axial ratio) (a:b:c) e0ow&. a^esacpaodcfib'&D^o a,b,c 

>o$>o a,b,c 
a=b=c 
a:a:a <y 1:1:1 rr cr soo&> d 6 ^ ^go 33 a * b * c eSo* a:b:c 







(axial angles) ^otj-d^), 5^3S a,p,y oS* ^rO^C53 c?o8bo 2 <"* 



S)^gSS)dST'p.o& 





a 2 , a 3 




v a 2 , a 3 ^^GD, c e>s?) &># CTO^ PP,P o^r, a1, a2, a3 



(axial elements) . Sc? ^)^ &O^GSGO (crystal elements) 

6 







Sofi 




CL. 
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)t5g agago't^aD, srd e^a^os^e^,. ^ agaig oa 
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1 . 33J*^ 5SS (isometric system) 












a,b,c es^cT'oS s ^, a,, a,, a q oorr ^rOS<3b. -^ ^5p e>^ 32C\Q a : b : c 



a* t * O i "1*1 7^1 Y-< Q -rv ./ A^i i x V /""'o /T *^^/*"^ (ox\ ^! c*^c % *'Y' (O"v* i i /v 1"\ 'VA QIJ -s >' 
.. &,* d_ 1.1. 1 . WcvJcO d U u vtxrJ i>0 Co \J c*J v-XJ. vi^tx^ i? cd v-U Ut p ^--^VJ 1 . * ^- 







^ot^oao. 

G oJ ' 

(cubic system) e>3 ^r^cs 
2. -^^c^ oS^ (tetragonal system) 








a 19 a 

efc: 



a : b : c = a, : a _: c =1:1 :c 

1 2 




7 
. -Se 








3 . S2$J*i3\ SSS (orthorhombic system) 







a:b:c. 

3 S^rrpoo & SS& ^odoc^ooo. -& 




050^^ 




4. !DS^5^ (monoclinic system) 





a- eso c- 

4Q250O8D '"^^o^ooS^ ^ot^oco. b- e>^o -^3 ^o^o^erSS OOSOOJT, eso^S a-, < 
ooon ^0^0006. b- 
. -8* S^SS e)^ Sac^S a:b:c. 3 a^b^c 

,)CS>^<i/-J> -o 

oc=Y=:90 , p > 90. 3 S^rrreS" 5 3 S^PTVOO -^ SS o6 SOOD. 
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A 



5 , \3& SS (triclinic system) 





a * |3 * y * 90. 

06! 






6. ^i^Sc^ ^^ (hexagonal system) 

2/ C5 

5 




J<<23 






a r a 2 , a 3 

c- e)on r-<. c- es^o Soft&SsytS&g} 

120 



a 1 : a 2 : a 3 : c ecr 1:1:1 :c. SS a^a.^* c 



=p=p=90, =7=120. grS 3^rroS 12 



23 



(hexagonal division), 
(trigonal division) 








7 SS 'Srrrco 0^00. 
(c- 











5. 
(attitudes) ^3^oo 5.1 














o 














34 



_ > 

n 9 

*> /20 

*03 V2 



3 



o 
o 



O 

ill 



8* 

3 -( 



KB 



o 

fc 






o 
9 



tw 

> 
S) 



o 
o 



b 
HO 



*/> 
3 



o 

3 



n 



^t-r 

a 



10 



a 



h-% 



b 



fe 



o 
II 



Ji 

CO 






b 



V3 

V7) 



I 

tl 



03 



-fe xai 






S' y 8 



c3 



en co 



b 

o 

A 
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s 
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fo 

3 
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<*& 



o 
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I 

I 
1C 

1 



I 




class) 






I 

0,1 

<k 



s; 



u 




5.1 



I 

I 

I' 

>~ 









form) 
class), 



(general forms). eS 







(hkl) 







(holosymmetric class) 
e-g 



Ss^rto (normal 














^400^0^5 





(holohedral 
(holohedral 



(special forms), 
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<2O 

f , 9 SsT F 1 

ts 5.2 








3 Ax.P.,6 Diag.R 

(Hexoctahedrai class) 3 XL Ax lv , 4 Diag. Ax. 1 " 

6 Diag.Ax." 

c. 

2. aj-o^d^a^ Sar/to 3 AX.R 

(Didodecahedral class) 3 XI.Ax. 11 , 4 Diag. Ax 111 

C. 
3. ^-C5&>8^a^ Ss^^o 6 Diag.R 

(Hexatetrahedrai class) 3 XLAx.", 4 Diag. Ax 



CL-Q_ 



1 " 




4. i^~^ 20^^23^83^ S^PA'O 3 XLAx. lv , 4 Diag. AxJ" 

> vdO O oO 

(Pentagonal trisoctahedral class) 6 Diag. Ax." 

&? Sb^tS" 6S 

5. lS-^^Do^oC52?b2S^O)^ Ssrtfo 3 XLAx. 11 

\- 'Oo-/ 

(Pentagonal tristetrahedral class) 4 Diag. Ax." 1 





1. Q$xSbfy-3 a^S^-O S^tfo 3 Ax.R, 2 Vert Diag. P. 
(Ditetragonal bipyramidal class) Vert. XLAx. iV 

Scr sSOTjS" 6S 2 Hor.XI.Ax." 

2 Hor. Diag. Ax. 11 
C. 

2. ^^od^-n Q^Sj^-S Ds^rto Hor. Ax. P. 
(Tetragonal bipyramidal class) Vert. XLAx. lv 

C. 

3. flj-a&^ers ^r 3 ^) S^fe 2 Vert. Ax.R 
(Ditetragonal pyramidal class) 2 Vert. Diag.R. 

Vert. XLAx. iV 
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4. 





5. 



s Vert. XI.Ax. lv 

2Hor.XI.Ax. 11 
(Tetragonal trapezohedral ciass) 2Hor. Diag. Ax. 1 



2 Vert. Diag.P. 

3 XLAx." 





(Tetragonal scalenohedral class) 




6. 




(Tetragonal pyramidal class) 




7. 





(Tetragonal sphenoidai class) 

2CaO.AIO., SiO 



23 . 




(Dihexagonal bipyramidal class) 




2. 



(Hexagonal bipyramidal class) 



3. 



(Dihexagonal pyramidal class) 



4. 




(Hexagonal trapezohedral class) 




*5. 




(Ditrigonal bipyramidal class; 



6. 



(Hexagonal pyramidal ciass) 

efo 



*7. 




(Trigonal bipyramidal class) 



Vert. xl.Ax.' v 



Vert. XI-Ax. 1 



4 Ax.p.,3Vert. Diag.P. 
Vert. X! Ax. vl 

3 Hor.XI.Ax." 
3 Hor.Diag.Ax." 
C. 

Hor.Ax.P. 
Vert. XI.Ax vl 
C. 

3 Vert. Ax. P. 
3 Vert. Diag P. 
Vert. XI.Ax. vl 
Vert. XI.Ax. vl 
3 Hor.XI.Ax. 11 
3 Hor.Diag.Ax." 

Hor.Ax.P. 

3 VertDiag. P. 

Vert.XI.Ax. m 

3 Hor.Diag.Ax." 

Vert.X!.Ax. vl 



Hor.Ax.P. 
Vert.XI.Ax. 111 




cw 
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8. 





(Ditrigonal scalenohedral 



class) e 



9. 





(Trigonal rhombohedral 
class) e5o 




(Ditrigonal pyramidal class) 





(Trigonal trapezohedral 
class) e?o 

y 





(Trigonal pyramidal class) 




(Vert. XL Ax. 111 ) 





i. 




(Rhombic bipyramidal class) 





(Rhombic pyramidal class) 




(Rhombic sphenoidal class) 





eo 



(Rhombic prismatic class) 





2. 



(Domatic class) 

pcr 




(Sphenoidal class) 



3 Vert.Diag.R 

Vert.XI.Ax. 1 " 

3 Hor.XI.Ax. 11 

C. 

Vert.XI.Ax. 1 " 

C. 

3 Vert.Diag.R 
Vert.XI.Ax. 111 

Vert.XI.Ax. 1 " 
3 Hor.XI.Ax. 11 



Vert.XI.Ax. 



in 







3 Ax. P. 
3 XI. Ax." 
C. 

2 Vert. Ax. P. 
Vert.XI.Ax." 

3 XLAx." 



b-XI. Ax." 
a-c Ax. P. 
C. 
a-c Ax. P. 



b. XLAx." 
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20,000 




15 








i . 




c. 



(Pinacoidal class) 





2. 





(Pedial class) 



Ax. P. 

Diag.P. 

Hor. 

Vert. 

XI.Ax. 

*XI.Ax. lv 

* 

*Diag. Ax." 1 










C. : 





o 





2,000 





50 



25 



90 



10 












a/ 
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(common names) 






(pinacoid) : ^5 "Sodo 



5.2) 



Stoo 5.2 




prism), 




(prism) : "BodfcSSj 
5.3) 






(trigonal prism), 



(hexagonal prism), 
(ditetragonal prism), 




(rhombus)^ 6 









(tetragon 
(ditrigonal prisrr 
(dihexagonal prisn 
(rhombic prism) 




5.3 










30 







5 



<r \ 




5 







* 

' ^ 
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S.4 
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(SO 



(first), "3o< (second), 
(third), ^ooff (^ro (fourth order) 

a 1f a 2 






,, a 








b,c- ef)^o^D ^odoO a- 
, a,c- e^o^ ^podo-D b- 
a,b- ^o^> ^odoO c- 
a,b,c- e^o^o ^od 
b,c- ef)^e?^o ^odoO a- 

a,c- aspo^o ^o5o^> b- 
, a,b- e^<^o^o 
, a,b,c 









o 






,a 2 ,a 3 




, a 1 



oo-D 



, a 



Li =a 2 =a 3 , a=p=y=90 










(Description of Crystal Forms) 




) " I- 



; A 







(orientation) 




2 

a 



1 



, a 3 
63 



a=b=c 



'Soo-,6.1. 







(hexoctahedrarciass) 



6 (Galen^i type) 
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a 3 e><^G, a 2 ,a 




23^0 





. 6.2). 



6.3) 



6 . 2 












e>od 





22^0 





6.4). 







25^0 



^eato 




6.5). 
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-& 







6.6). 



"30(53 











6.4 S^O^g^S 





6.5 





/ ' 



" 



6.6 












SS&GOT 
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6.7 




3 
6 

3 
4 
6 





6.8). 







Titter 




(3Ax.R) 
(6 Diag.P.) ^ 



_o 







(4 Diag.Ax. nl ) 

V v* / 

(6 Diag. Ax. 11 ) 

'"" 



13 





(C) 







. e>o<3o<3o 



SooS" O^Qo '(iOOy.$fc>6a. -fre 




100^ Too, o.io 5 olo, ooi, 

S (Dodecahedron) : 636^ 12 
24. es'o-CSooo, 14 ^OJ^GOO ^otJoco 

6 



"oo T, 



(rhomb-shaped) 



6.9):" ^bo7??o 



8 





47 



-OSrjo (HO) 



no, 110, TTo, no 
101, 101, lol, iof 

Oil, Oil, Oil, Oil 



00 



oo 



010 



6.8 SL^O) 

"SoJ 




triangular) 




6.9 
(Octahedron) : 

, 12 e>o^oo, 6 




8 



C5r^o (unit form). -S* 



ill, Til, ill, ill 
ill, III, ITT, ill 



(equilateral 
6.1Q). 




(111) 



48 






(isosceles triangular) 

12 



(pyramid) 



h,k 



6.10 




24 



36 eoCSxa, 14 

, 24 



6.11 ) 




8 







(hko) 



(210) es^C^oS. 




(320), (310), (410) 
. (210) 




210, 120, 

210, 120, 

201, 201, 

021, 021, 

201, 20T, 

021, 021, 



120, 


2 1 


120, 


2lO 


102, 


102 


012, 


012 


102, 


102 


012, 


012 




49 



36 





6.11 



(Trisoctahedron) 




14 



24 



8 



24 
6.12). 



12 



eo 






ISO 

\. 

, 63 



btfo 



(hhl) 





o 



. (221) 





50 




221, 221, 122, 122, 212, 212 

221, 221, 122, 122, 212, 212 

221, 221, 122, 122, 3T2, 212 

221, 221, 122, 122, 2l2, 212 



(Trapezohedron) : 

, 48 e>ooeo, 26 




(trapezoid) 



6.13) 



dow-oco. 



24 



. 



12 



^od5oeoco. 



^ot^'ocp s^|3 -g-e <rpSS (S- eg, 



24 



, 24 




(Sd ^005)0 



(hil) 




(211) 



3<5on (311), (411), (322) -SMfiSS OS^ew Ko 
. (211) C^^oS^S ^D^PO 3oo& 

211, 2lT, 121, 121, 112, 112 

211, 211, 121, 121, 112, 112 

211, 2ll, 121, 121, !!2, 112 

211, 2TI, 121, 121, l!2, 112 




6.13 





(scalene triangular) 
24 



>^SK 



(632) 



48 

72 e>oC$oco, 26 ,&5j-oQo &O<LJQX> 
, 24 



12 



SofioFcxo. 




(hkl) 



. h,k,l 




SooS" 



CO 





321, 32l, 231, 231, 132, 132 

123, 123, 213, 213, 312, 312 

321, 321, 231, 23l, 132, 132 

123, 123, 213, 213, 312, 312 

321, 321, 231,. 231, 132, 132 

# . * 

1.23, 123, .213, 2.1.3, 312, 312 

321, 321, 231, 231, 132, 132 

123, 123, 213, 213, 3.T2, 312 



6.14). 

, 24 



(321), (432), 
. (321) 



6.14 
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, (111) 

SxlAx^, 6 Diag.Ax 11 , 4 Diag.Ax 111 O^D) oo^on ^o^jc&3 (hko), .(hhl) 
(hll) dcr^ro^S ^o^roo gr^S S^g ^^^ero^ o.oon ^otT'c& 

ID b<&> &r^o^' ^ a^g (100), cysa* a^e^g (no) 

(111) 
































6.15] 








6.16} 

. y 

6.1-7) 

f 





6.18) 






6.19) 
(aoo 6.20) 




(Stoo 6.21) 




6.22) 





6.23) 



A 



y 

^ \ 



1 101 

1 -. 



X 



I. 100 ! 
1 I 

\ ./ 

X / 

\ 



/ 



/ 




6.15 





6.17 




100 




6.18 



321 





cr 



Vxoo 6.19 SB45 



r>u. 




6.20 
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6.21 








6.23 
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(a 1f a 2 ), 






a 1 ^^5 






, a 



6. 



, a 2 "* SacSS^S, c ^^5 



-c 




6.24 






(ditetragonal-bipyramidal class) 







(Zircon type) 





(square prism) "* a,b espb 



, c 
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6.25). 




Stoo 6.25 






c- 




, 8 




. 

- ' * 

g <S essex. 



8 







6.26). 















12 



4 




sec 

oJ 




. >odlSo Sod 



(c), 
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2 
2 





6.26 







(2Vert DiagP. 







(2Hor.XI.Ax. 11 ) 




sf co (2 Diag. Ax. 11 ) 




"3a)$o 5 





(C) 







oo^orr^o, 







7 





S3o-u5o. 

(Basal pinacoid) : 



3oo5 



6.27). 
001 (ID 




(001) 
001 (SoQ ^co^o). t^Soo 
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(100) [Tetragonal prism (100)] : 636* c- 



a 










6.27). 



(100). ^oo^o SooS" 

loo, Too, oio ? olo 

(tetragonal prism of second order) 







6.27 




(11.0). 




00 



1 

I 

-- + 

f 
00 i 



CIO 




(100) 



(110) [Tetragonal prism (110)] : 



(00 1) 



6.28). 



no, Tio, no, il 



o 







. L "_ , 



>oo 6.28 




(llO) 



0$*%$$ (OOl) 








Z9). 




o (Tetragonalprism of first order) 




(100)5* a,, a 
(110) 



a r a 2 
(Ditetragonal prism) : 



c - 









(210) 



3<$S)tfo 



210, 120, 120, 210 
2lO, 120, 120, 2lO 



tfsro 



, a 



a 1f a 




(hko) 



<x 



a 




6.306^ 



6.27, 



so 



(210) 



210 



? 10 



2 




29 




(210) 



6.30 





(001) 









(100), 
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(hoi) [Tetragonal Bipyramid (hoi)] : -&* 



12 



, 6 



W 



(terminal edges) 



, 4 




12 eso^oeS" 8 
^odooo (lateral edges) 



6 




6.31). 



, a v a 2 



h,l o 



c- esp f a 1f a 2 
(101) 



(201), (302) 



order) 




12 



^o^cxo. (101) 



101, iol, on, on 
Toi, ToT, oil, oil 



8 





(Tetragonal Bipyramid of second 



, 4 



05^70 (hhl) [Tetragonal Bipyramid (hfal)] : 

8 ^^o<S) ( s8J T) ^ D o iSgr83r a s o tf ^orex), 12 




6.32). 




(5.31 




(101 ) 




6.32 




(ill) 
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(hoi) 



(hoi) 
(hhl) 










(hhl). h, 



o Sex^oo 



h' Soo^Soo 



e5c3 




(111) 



Df\|)a fidP^oSa (221) (332), (441), (112), (223), (114) 
>. (Ill) 



111, 111, 111, 111 



111, Til, ill, ill 





order) 




(Tetragonal Bipyramid of first 



16 



efo 3 



(Ditetragonal Bipyramid) : 

^oo^oo, 24 e>oCSooo, 10 
8 

8 5^ 

2 



8 



SoS^S "Qoc^o 



^o^Sooo, "Qodb 




eso^oco 




6.33). 

600006. 




> (hkl) . 
&oka>oa. 1 SeoJS h 



k SeoiSS 8 



. (hkl), .(hll) 



>x>. (211) 

211, 2lT 5 121, -121, 121, 121, 211, 21 1 
2ll 5 2lT 5 121, T21, 121, 121, 211, 211 
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6.33 




c- es^SI S3r > odC5on' ^od 
(hkl) 



(100), (110) CXJ^TO 






(110) 



(100) + 

(111) (Seoo 6.36) 




05^0-0(111) 

(100) t 





(111) (3^>o 6. 39) 

(101) + 

(101) 



$od^roco 



&T>PGO 



. (001 
Ccr-^exi- 



(111) 



6.34) 



(no) 
(100) 

6.37) 

(in) 
(loo) 



(in) 



(101) 




o (310) 



6.38) 
(no) 

6.40) 
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6.34 



1 - 

2 - 







(no 

^ 

(11 





6.35 



i - 

2,3 






(no) 




) 




6.36 




2 - 

3 - 

4 - 






S 



so (100) 

o (110) 
(101) 



6.3.7 



2 - 

3 - 




2 





(100) 

(310) 
(111) 
s (001) 
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6.38 

CSSfcsb^ 



e 



2 - 





100 





6.39 * 




2 - 

3 - 

4 - &<?& 

T 






(ioo) 



(111) 
fooi) 

V / 




6.40 



1 - 

2 - 





(101 ) 

(in 
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l5 a 2 , a 3 



a 1 =a 2 =a 3 ^ c, 






, a 1} a 3 

a 




c - 




, a 



, a 
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^ootfo 




(h k 1 1) 030 





(Dihexagohal-bipyramidal class) Sep. 55^ 6 (beryl type) 
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3 as 



0020 es 







7 




6.42) 




18 




12 




6.42 




c- 






6 ^2300^ esouSoeo a,g ftcT'Sl, 12 

So&S 6 





Srodo&ofi. e>od 



, So A 8^5 





(c- 



t , a 2 , a 3 ), 



6.43) 









<^oC5oo 
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'*!>. 



6.43 





4- 
f 




(4 Ax.R) 



0020 



(C) 





(3 Vert. Diag.P.) 

(c vl ) 

^dST'spex) (3 Hor.xl. Ax 
(3 Hor. Diag. Ax") 





0020 
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(0001). 








(Basal Pinacoid) : 







^23 



0001 lb&o$o, OOO 
(lOlo) [Hexagonal Prism (loFo)f I 







6.45). 

So^S" 

1010, ono, Tioo, 

(g&o 






loio, olio, noo, 

(Hexagonal Prism of First order) 







o 
o 



010 





6.45 ^iS"^w Sogo (lOlO). ^<?5 

SO V / ~ o 

(1120)[ Hexagonal Prism (1120)] : 



c- 
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6.46). 



(1120). 



1120, I2l0, 2110, TT20, 1210, 2lTO, 



12 



ro 







12 




2110 



1120 



6.46 





(1120), 

(Hexagonal Prism of Second Order) 




(1010) 6^ 1^323 




(1120)6* 



(Dihexagonal Prism) : 




60^7*000. -&e $30^00 



6.47A) 



(h klo). &* 



h+k 



^0^0006. 



(2130) 

2130, 1230 S 1320, 23lO, 3210, 3120, 
2l30, 1230, 1320, 2310, 3210, 3T20, 






5^0 (hoh!) [Hexagonal Bipyramid (hohl)] : 

(S^bsr'^d ^D^P'OO, 18 ^o^boo, 8 
12 gcSS^S eo-CSooo &,g nerS, 6 

2 



12 

6.48). 
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h,i 




Order) 




$>odo3, 

<ro 3o^5" -O^Qo (hohl). 
. (loll), (10T2), (2023) 
. (lOU) -D^oA'o 



ion, loTT, oiTi, 01 TT, Tioi, Tiol, 
Ton, Toil, oTn, oil!, ilai, noT, 

(Hexagonal Bipyramid of First 





6.47 A 

B 





^OSDO^O 
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(hh2hl) [Hexagonal Bipyramid (hh2hl) : 

dJ-3^ S 5 otooo. 635* &r>a 12 
18 e^o^oo, 8 &>r>oex> O^JCCD (3oo 6.49). 



<V 



eJc? 




(hh2hi) 
(1121), (1122), (2243) 

DooS" 



hj o 



. (1121) 



Order) 



1121, 112T, T2ll, T2TT, 2111, 2111 



TT21, Tl2l, 1211, 12lT, 




2lTl 



(Hexagonal Bipyramid of Second 




12 






6.48 




2 




fiJSX) (lOll) ^too 6.49 SL*SS*w OJSK) (l!2l) 
(Dihexagonai Bipyramid) : -^-3<r 3 ^o^ 24 

36 ooCS3o:, 14 ^SiPooo 4ot5O3o (^beoo 6.50). 

12 g<sa^5 ^o^co ^S" nrr^j, 12 




Ot 




So ^^S 6 xro0 




y "~ 

(h k i I). 
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k 

h 



CO 



h-fk 



. (2131) 



2131, 


2131, 


1231, 


1231, 


1321, 


1321, 


2311, 


23TT, 


3211, 


321 1, 


3121, 


3121, 


2131, 


2131, 


1231, 


T23l, 


1321, 


1321, 


2311, 


231 1, 


3-211, 


3211, 


3121, 


3T21. 



(hkli) 



010), (1120) 




6.50 





6.51, 6.52, 6.53 



. (0001), 



.SocBr 





6.51 



(1010) + 2 



(1011) 
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6.52 



(if 2) 




(0001), 
(3400 6.54). 



(1011.) 





6.53 



(lOll) o 




1 



(U * ) 



(lol) 





(1120), 





(0001), 



6.54 _ 

(1120), 2 - actS^w a^a (1011), 
3 - **<? ^^ (0001) 
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6.41 









6 (calcrte type) 



6.56). 





(2130), (1121) 






(Ditrigonal scalenohedral class). 







eswfib. 




(rhombohedron) 



6.55) 















(3 Vert. Diag.R) 





(3 Hor.xI.Ax 11 ) 



(0001). 



, (1120), 



(structural symmetry) 



to 




. (1011), (2131) 
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6.55 





(rhomb shaped) 

^o^roo, 



(Rhombohedron) : 



12 e>o-&>oo, 8 




(zig-zag) n 



, o 



(1011) 



(2021), (3032) 





12 





6.56 





^o^rooo. 



. 6 



^oOoo(S. & tir3o 






eoc^ooo 6 
(sectants) 

. ^8-3<5or?. "Sood^S (g^oo 



12 




L b 





SotS 





(h o h I) 



, (0223) , 



12 



(hohl) 
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(positive rhombohedron), 
(negative rhombohedron) 



(1011) 



rt 



e> 



loll, ion, Tioi, IioT, oln, onT 



(0111) 



0037=0 3oo5" 



oiTi, oil!, Ion, Ton, noi, iToT ? 

oo 6.58 



0^5 



S 



^3eoo 6.59 




6.57). 




A 



6.57 A 
B 





B 




6.58 



, 2 - 
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6.59 



(3032) 



(0223) "3oo<333 




12 

^sot^cxo 



<2O 






h+k 



12 





h 



] es 




i SeoSS* 




24 




o 




(2021), 



(1011) 



600*000. 





(Ditrigooai Scalenohedron) 

(scalene triangular) ^oD^rex), 18 
^0-^)00 
12 



, 8 




(h k I), h SooS k 
^o^rcxo. I Sco^ h e5o k 
(2131), (3252) 



(hkil) 






(hkil) 







12 



SoftBS 12 

6.60 
6.61 
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A 






6.61 



(2131) 



; B 





2131, 1231, 1321, 2311, 3211, 312T, 

2132, T231, 1321, 231 1, 32ll, 3121, 
5l){D^ofie axsocafiySoS^S ^DO^PG SoeS" ^r > ^s^os o 

/ O4 CO 

2131, .1231, 1321, 2311, 321 T, 3121, 
2'l31, T23T, 1321, 2311, 3211, 3121, 
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(0001), (lOlO), (1120) 







6.62, 6.63). 










6.65) 




tfe 




(HlO) (^boo 6.64) 







B 



t*. 




B. 1 - 




+ 3 - $3 



C. 




6.62 




+ 2 - 








2 - 
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6.63 

(ifllO), 2 - 






(Oil 




6.64 

i - 

2 - 

3 - 




(roll) 



(1120) 

0^0) (OOOl) 

oJ tfoJ \ / 




"3 
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6.65 






82 







, b- &&pS*$ 






(macro-axis) es>J> 





a,b,c 




^o^rcoo. 0*3 &OSG<& 
, c- 



(brachy-axis) 




, a=p=y=90 



b 



6.66 





b 



e5 



a 





(Rhombic or orthorhombic bipyramidal class) 3 do 33*31b 



(Barytes type) 




A (SO 





6.67). 
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3 
3 







(C) 






0$ 



(3 Ax.P.) 




(SxI.Ax 11 .) 



OOSDOTT' 6otoooO- (Sioo 6.69). 



6.67 




I ' 



TTiil! 




^-""l 


t 


^x^" 




1 






1 







1 




' 


1 <* 


- A 




->* 

^ 


~ W 




t 
1 






i* 


^^ 



6.68 





6.69 




(Stso 6.70). 

v / 








(Basal pinacoid) 

, a,b 



c- 



(001). 





(c-pinacoid) : 



: 001, OOl 



84 



100, 100 







(Front psnacoid) o 8 a 
b,c es^esfo . 
o (100) (StDo 6.70). 
(macropinaeoid) 




(a-pinacosd) 








pinacoid) P b 
a,c e^^o^o ^^pc^O'o 
(010). SXJ^TO SogS" 

(brachy pinacoid) 





) 





00 



6.70 



(hko)[(Prism)(hko)3 



. a y b 



h,k 



/fo 



(210),(120),(320) 






8-g 






010 





a,b 



SooS" 

C"3 

no. no. TTo, no 



(b-pinacoid) : 

"Soc^o 
010, OlO (^^oo 6.70). 






, c 




(110) 
. (110) 




6.71 



HO 



(llO) 

\ / 



o 
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(Prism of Third order) 

(Rhombic prism of Third order) esS Sr-c? esowfc. 
!fe (ho!)[Prism (hoi)] : 



a,c 



, b 







. a,c 

h, 1 o 

(Xr'0'o<5* 

(201), (203), (103) 1b:de 

(Stoo 6.72) 

101, ioT 






Ko 



3^6" as^o (101) 

-S, 6.SS SoOawow. (101) 






oi, o, 



01 







B$- 



(Prism of second order) efo 
(Rhombic Prism of second order) w 1^0 
(macrodome) esfSoTdo. 

So (oW)[Prism) (okl)] : -&* 6yZo&* b,c 



Ctww 



, o 



(012), (023), (031) ^DtfjJS OS^w 

6.73) ^^) ^o^r 
Oil, Oil, Ol, O, 



(Oil) 
S So^c^ox. (Oil) 





^c 6,73 ^io^o (Oil) 

E5 \ / 




86 






3op<343(5Mbo 3ioo (Prism of first order) 
(Rhombic prism of first order) esS &ro 



(brachy dome) 





(Bipyramid) : 




8 



12 



r 6 





(hkl). h,k,I 



(111) 



6.74). (112), (213), (123) 
(111) 3^0. o 



3oo5" 






ill, ill, Til, Tit, 
Til, TIT, ill, iTT, 




, 4 




(001) 





6.74 



(Rhombic Bipyramid) 




to &rroo 



dcr^eo 






, (010), 
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CO 




. 
Hi. 







iv. 



Va^wr 



v. 






. 



. 



flu 



(110)4-^3^0 (102) (Soo 6.76) 

(102) +3|ggo (Oil) 

^^oo 6.77) 

(011)^^0 (101). 

- ^^^ 

6.78) 

(110), (101), (Oil) 

6 - 79 ) 

' 





(111) (aoo 6.80A) 

(111), (113) o 3o<3T-rt fiy*ao' (Stoo 6.80 B) 

(111), (113)-+ Sygo (Oil) 
6.80C) 

(111) (2*006.81) 





6.82) 






(110) 



(Oil) . 
6.84) 



6.83) 



6.75 






6 ' 76 
(102)+ 2-S^So (110) 




6.7.7 



So (110) 






(102) 1-^ 



6.78 
6 (Oil) +.,2-3fcSc (101) 




88 




i - 

+3 - 



6.79 
(101) + 2 - 





6.80 






(on) 





<C 





i 



(hko)+ 2 - 




(hol) + 3 - 
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6.83 

1 - 

2 - 

3 - 






(HO) 
(Oil) 



6.84 





1 - oePO -058; 2 
4 - 3So (110) 5 - 




4- 






; 3 - 
(101); 6 - S^So (Oil); ,7 




90 




. a-es^o b-c 



ooar^o (ortho-axis) 

^^o^^ &23S), c-e^^o 

* <L~ *~* ' 

a=y=90 3 p>90 



553 




oo^on 



535) 

-C. ^-^ 



Q_-CU. 




a,b,c- 



a,c- 



a-c 



^00006 



(c!ino-axis) 



6. 




6.85 I 






(Rhombic prismatic class) 
(gypsum type) 3 

' a-c 







a-b 



oozoorr 



a,c 




eo 





oosoorp ^oiooo). 





(Prismatic class) 






b-c 
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(a-c 



(1Ax.R) 






(C) 




xLAx") 



6.86, 6.875* 




6.86 J 




(001). 






(Basal pinacoid) : 





SogS" 
pinacoid) 

"3o<SD 

: (100), (100) 
(ortho-pinacoid) eS) 



6.87 





c - 



4-b 




a f b- 



: (001), (001) (3<too 6.88). 



Ocr^o 




(100) 



6.88). 





001 



1 / 



OIO 



6.88 





92 



^<i33\o< 

c^/ XCS^ 




"O 



^ (Side pinacoid) : 

eJ v r 



b-es>3f 3} 

** 




: (010), (oo) (3tx> 6.88). 
(Clinopinacoid) 

V r 

(hko) [Prism (hko)] : 



> (010) 

. , b-a^oyss 

Oi oJ ^>eJ 



'Sodo^S 



Doo^ 
. a,b 
(110). (210), (320), (130) 



(hko). h,k o Doo^Soo 



e5o 



6.89) 





: 110, TlO, 110, 



(Rhombic prism of Third Order) 




Sog" 



(hoi) 




6.89 |oSo (110) 
(hoi) [Pinacoids (hoi)] : 



(ho!). h,I a Dew^oo 





-&e 



(pinacoids of second order) 



3 (101), (T01). (101) 
: (101), (101). (101) 




efcy 






(hoi), (hoi), 
, (ho!) 
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: (101), (10!) (a^o 6.90); (201), (302), 




6.91 &* 



orthodomes) 




(hemi- 



6.90 



a. 



1-7 

101 ' / 

_ V _ 







101 



6.91 



(okl) [Prism (ok!)] 



6.92). 



(021), (032), (012) 



,101 




'I 01. 



b,c- 




SooS" 




(okl). k, 

(Oil). 
. (Oil) 

: Oil, Oil, OIL Oil. 
(Rhombic prism of first order) e> 
b (Clinodome) 




94 





3oo 6.92 3^2o (01 1) 



(hkl) [Prism (hkl)] : 




(hkl). h,k,I 




(111). (112), (321), (132) 







8 



8 



(hkl), (hkl) 
fourth order) e>5, (hkl) 
(Ill) 




(Rhombic prisms of 




in, 



, (hkl) 
6.93) 

ill, ITT, 111 




6.94) 

Til, ill, ill, ill 




6.93 





95 



6.94 






(hemi-bipyramids) 




6.95 

(hko), (okl), (hkl) 
. (100), (010), (001) 



Q_ 





oJ 



oCS 




Sof\^5 




tftf 




(010) 

\ / 



06 

(111) * &)J-<S3(Saoo 
6.96) 



(110) 



96 







6.96 




6.97 




(001) 







; (oio) * <yo (no) 

,**fM*r-+* w xij** */ * I jL\) i I t oJS^JL? \J *s I I 

(010) +0^^ S^O^g (I00)+2>iygo (110) 
(Til) (^btoo 6.98) 





6.98 




2 




+3- 





: 1 






4- 





cv- 





+2- 





-f 2 




97 







rr^So, ' b-ss^o 





(brachy-axis) esS), 





(macro-axis) 



6.99 



b 



P, 

XI 



IX 

H 

V 



b 



6.99 






(axinite type) 







"3o<&) 






(C) 






(Pinacoidal class) 





98 





(Basal Pinacokf) : 

* 




001, 001 



(Froiit Pinacoid) : 



6.100) 



, a,b- 
(001). 



b,c- 




o Sog5" 
(macropinacoid) 

x ~ ' 






100, 100 (Soo 6.100). 





6. 







010, 010 (Soo 6.100) 




prnacoid) 




of third order) : 




o 23^0 










(010) 




(Brachy 



oo (Plitacoids 



) 22^0 



(210), (130)"Sco6S^5 




(110), (HO) 



DocS" ^00 (hko), (hko). (110), 
o. "Sod) 

(110), E^rsdr^o (110). (110) 
(110), (110). (110) 
6.101). 



(hemi-prisms) 




99 




10 



' ,' 



10 



6.101 





gco (ho!) [Pinacoids (hoi)] 

of second order) : g-etfr^e^S Sx>$p<g a,c-e><i?Gc&> 




(101), (201), (203) 



^060^000. 



(101), 

(101) c^So's* ; Ioi, 101 (^b^oo 6,102) 
macrodomes) 



: (101) 



eg 




6.102 






of first order) : 



[Pinacoids (okl)] 

&o$roo 



So 




(okl), (okl). 



i 



sooors 




(Pinacoids 

c? 




(hoi), (hoi). 



(101), 
101, 






(Pinacoids 



spoddS S 



ioo 



/fo 



Oil 



(Oil) 



: Oil, Oil. 



6.103). 



(Oil). 



(hemi-brachydomes) 




6.103 $3, ttww Sa5fi4S(Saio 

(hkl) [Pinacoids (hkl)] 
of fourth order) : 









(Pinacoids of fourth order) 
(Quarter-bipyramids) 



h,k,l o 





(Pinacoids 



(3oo6.104). 





6.104 





Dodder-So (Positive right form) (111)- 111, l 
ii 0^5 ^d&cip'^o (Positive left form) (111)- lil, 11 T 




101 



Hi exora o<r>3o Negative right form) (l1)- ll, 111 
iv axora D<&fctfr'$o (Negative left form) (111)- TTl, 111 

Stftf tfy^exr" ^cytftt Cfr*&& (001), (100), (010) 






(100) 






6.105) 







(001) + ^^05^0^ (010) 

^ W"M * 

^O^Ses (110), (flO) 
(101) (Sfcso 6.106) 

^ 7 v 

(ooi) + ^ qsP-^ (010) 

w (101), (ioi) 
(110)(110) * 

v ' 

6.107). 





SjtSs-oa 




(on) 




6.105 





a-eaKS^o 






6- $3 





102 



1 






6.106 

2,3- 





; 5 




6.107 









; 3,4- 








7 





(Crystal Twinning) 





)dSd 





030 







(crystalline 



aggregates) 

8-S45 gefo ttfeiSetr (associated) e>$f!j 
aggregates) 




(crystal 





)*3so5* 





(parallel growth) (S^tooiv SDi&oS. 



SjtSs-ex) 





7.1) 



(Stoo 7.2) 





7.1 





104 




7. 2 





Stforp 









rn r~Tj 
V*& 




Up 

LU 



Ay/ tu u "n 
l3 L ^ 






(homogeneous aggregate) 




(heterogeneous 



aggregate) e> eowtfo. 







(Twin Crystals) 






(parallel growth)^ 



7.3). 






(twin crystals) 




(reverse positions) 



}0on D &> 



^06 
(twinning) 
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. 8.gro > 3o<SS^rn e 3S.ao83oOo3 s-S es 



1 80 









axis) 
twinning plane) 



stfeS3DS 

. -& ^0^5^00 









(re-entrant angle) 




7. 56"* 




180 



7.46^ 



cdcorr^o 




<Soo%_ 111 



cfiasr^c (t\vin axis or twinning 
SS^S^o (twin plane or 
cS<Jcs 






o (composition plane) s 



111 



cSM,*)t3g 



111 



n 




7.4 c 



106 




7.5 




7.63-* 





(0001 ) 



111 






4S83 










7.6 




(O00l); 




(Laws of twinning) 















3 . 

e? 






cBo^tf 





4. 

OC 





5 . 



S 






(Twin law) 
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2 . 3<t5o<5^S 35 Stereo 3^5^ a^ssoryofiD tftfp 







CS3- 
6o^o. s iSr-1) fc^3 6 (cross-shaped or cruciform) 

. ( Brazil twin)l 

(Rutile twin) St3S ^d^n= IsSar-^ 

(Types of twins) 




d3n^ (contact twins) 3a> Z& cSton^w (simple twins) : 



a 








7.7). 
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t: 
|-.:i 




7.7 



d&w?eo (penetration twins) : -^36 




(composition-surface) 




7.9). 




3400 7:8 




(repeated twins) 



twins) : 







7.10). 



-S* 




^00006. 



7.8, 





(iniiltiple 



(polysynthetic twin) 






109 




(cyclic twin) 







(foufling) 
(sixling) 




(Soo 7.11, 7.12). 




(trilling) 

(fiveling) 
(eightling) 
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a(l?SSS Sc^^o (law of refraction) 
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(Optical Instruments - Polarizing Microscje) 
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(Propagation of light through polarizing microscope) 
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(Observation of minerals under the microscope) 
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